This paper investigates the sources of inefficiency of firms in Côte d'Ivoire and examines to what extent these effects translate into poor performance. A large majority of firms is technically inefficient, producing far below the maximum attainable output level. Major cost savings can also be realised through enlarging the scale of activities of firms.
Introduction
Raising efficiency of manufacturing firms in developing countries has become an essential condition for further industrial development. This is especially true for African firms, which are generally found to exhibit relatively low levels of efficiency.
In the literature several sources of inefficiency have been identified. Technical efficiency has been analysed in many studies and low levels of technical efficiency are generally observed in many manufacturing sectors of developing countries.
Additionally, high costs may originate from small-scale production, when economies of scale are existing, yet not exploited. Given the overwhelming amount of small and micro-firms operating in African manufacturing, scale economy gains could be potentially very important. In reviewing the literature Tybout (2000) finds no systematic evidence for unexploited scale economies, but observes that most studies are plagued by measurement errors, partial productivity measures, omitted variables and incomplete data sets.
Yet, it is commonly observed that small-scale firms stagnate in the smallest size classes and do not make the transition into a medium or large size. One might argue that this is due to the absence of scale economies in those sectors where small firms are predominantly represented and hence incentives to grow are limited. However, in a related paper, Sleuwaegen and Goedhuys (2001) have shown that the existing missing middle in the size distribution and the underlying growth pattern of firms are rather related to a particular institutional context which characterises most developing country economies. In poorly developed markets, non-market mechanisms such as reputation effects and legitimacy act favourably and open up additional growth opportunities for larger, older and formally registered firms, thereby reinforcing the bifurcation in the size distribution. Moreover, firms compete heavily for inputs necessary for production.
The shortage of credit, business infrastructure and other resources are severely constraining the growth of informal and small firms who find themselves in a disadvantaged position as compared to larger counterparts to gain access to inputs. As a result, small firms can hardly succeed in making the transition to a medium or larger size. In a similar way, Tybout (2000) argues that taxation and regulation policies and poorly functioning credit markets may limit competitive pressures and hamper market selection processes.
This paper provides complementary and new empirical evidence on the functioning of markets as a selection mechanism and on the determinants of corporate success. It focuses on the relationship between efficiency, economies of scale and the performance of firms in the context of imperfect markets typical for many developing countries. A first part of the paper analyses in depth the different sources of inefficiency for different sub-groups of firms in the Côte d'Ivoire manufacturing sector. Efficiency being determined by technological capabilities and learning processes, the paper first investigates which sub-groups of firms demonstrate higher technology development efforts and are expected to exhibit higher efficiency. Subsequently, technical efficiency scores are estimated using a stochastic frontier production function and systematic technical efficiency differences are highlighted along major firm dimensions: size, age, foreign ownership and the formal/informal dimension. From the frontier production function the existence of scale economies is tested to assess potential scale economy gains.
The second part examines the consequences of inefficiency in the context of poorly functioning input and output markets. It is investigated to what extent efficiency and scale economies determine firm market shares and profitability in Côte d'Ivoire. The uncovered interaction among these variables shows how firms are trapped into the use of inefficient technologies. The analysis suggests that small-scale production and the use of inefficient practices jointly lead to higher unit costs that get translated into smaller market shares. This in turn leads to lower profitability, which implies fewer internal means to finance investments for technology development, productivity increases and expansion. Hence firms continue operating at sub-optimal scales with inefficient practices. They are unable to reach the competitive 'window' mainly due to a constrained access (to finance) to improved technology, corroborating our findings on the growth process of firms in developing countries (Sleuwaegen and Goedhuys, 2002 Under the RPED project, survey data were collected through intensive interviews with owners and managers of 234 manufacturing firms active in one of the four main manufacturing sectors: food processing, textiles, wood working and metal working. In the sampling procedure, the main objective was to have a sample that represents the entire spectrum of firms active in the selected industries. Hence, formal and informal firms and firms of all size classes, age cohorts and ownership structure are included.
Most sample firms are located in Abidjan, the main economic centre of the country where also the majority of industrial activity takes place. The strong foreign presence, which characterises the Côte d'Ivoire economy, is also reflected in the sample of firms.
Of the 234 sample firms, 74 firms are European owned while 21 firms are Asian owned, including an important representation of Lebanese entrepreneurs.
The structure of the paper is as follows: Section 2 describes how technology development and learning processes may affect firm efficiency. As a result, some subgroups of firms, characterised by superior technology development activities and learning, can be expected to exhibit superior efficiency. Section 3 investigates selected firm attributes, in particular the ownership structure, age and formal status of the firm, in relation to technology development activities. This is done using the data of our particular sample of Ivorian manufacturing firms. Section 4 subsequently presents the methodology for estimating technical efficiency using a frontier production function.
Section 5 discusses the estimation results and measures the existence of scale and technical efficiency differences across firms of different size, age, ownership structure and formal status. Subsequently, in section 6, it is investigated to what extent firm inefficiency translates into poor performance in terms of market share and profitability.
The concluding remarks in section 7 explain how the technology trap, resulting from severely constrained and ill-functioning input and information markets , hinders the development of the mass of small-scale manufacturing firms in developing countries.
Technical efficiency and firm heterogeneity
The processes underlying efficiency and efficiency differences among firms in developing countries have been studied in the context of technological capabilities and technology development by several authors (Dahlman et al., 1987 , Katz, 1987 , Enos, 1992 , Lall, 1992 , Teitel, 1993 , Biggs et al., 1995 , and more recently, Sutton, 2001 . In these studies, technological capabilities are defined as the information and skills -technical, managerial and institutional -that allow productive enterprises to utilize equipment and technology efficiently and bring it up to the competitive 'window'. Technological capabilities refer to the efforts and activities that individual enterprises undertake to absorb knowledge and build upon existing knowledge necessary for efficient production and higher quality output, within the underlying process of technology development (Lall, 1993 and Biggs et al, 1995 (Sutton, 2001) . Other sources include imported technology from abroad, consultancies, information from suppliers, competitors, and information on standards, metrology, basic and applied research. Clearly, a firm's ability to invest in technology development depends largely on its access to internal or external financial sources.
Dynamic effects related to learning and experience play likewise an important role in explaining efficiency differences across firms. As suggested by passive learning models of competitive selection (Jovanovic, 1982) , firms learn about their own efficiency level over time and adjust their scale of operations accordingly, with inefficient firms exiting and more efficient firms growing into a larger size. This passive learning model implies systematic efficiency differences among firms, in that larger firms are more efficient, given firm age. Moreover, as the process of development and effective deployment of technology is an active learning process, older firms might have increased their efficiency level more successfully over time and might have been able to organise production (Pakes and Ericson, 1998 
Technological capabilities, ownership and formal status of the firm.
With efficiency levels found to be determined by knowledge and skills and enhanced by a process of learning over time, some groups of firms can be expected to have superior efficiency performance.
A first important effect on efficiency may originate from the ownership structure of firms. Foreign linkages through ownership can facilitate the flow of knowledge and technical progress into firms from outside the country. In addition to direct technology transfer through licensing and technical assistance firms can acquire technical expertise in the process of foreign direct investment. Foreign firms are mostly strongly exposed to international markets and are more sensible to competitive pressures from outside the country. The effect of foreign ownership on firm efficiency has been subject of several empirical studies, most of which finding a positive relationship between foreign ownership and technical efficiency (Pitt and Lee, 1981) .
A second effect on efficiency may originate from the formal status of the firm. When markets are characterised by high transaction costs, as is the case in many developing countries, a firm's reputation and legitimation, i.e. the degree to which the firm is socially recognised and accepted in the business environment, facilitate a firm's access to scarce resources, such as credit, foreign exchange, imported spare parts, licences or skilled labour and so forth, necessary for efficient production (Sleuwaegen, Goedhuys, 2002) . Formal registration by the firm captures the effects of legitimation fairly well.
Formality is moreover found to increase sensibly a firm's growth opportunities. Due to better access and combination of resources, the efficiency level of formal firms can be expected to be higher for formal firms than for informal ones.
Illustrating the link between firm attributes and technology, whether there are significant differences between these groups of firms.
As a measure of the firms' presence on global markets, table 1 also shows the proportion of firms that exports a share of the output and imports a proportion of its raw materials.
To assess whether infrastructure may pose a constraint to the firms, the proportion of firms that have invested in generators, wells and/or cisterns as infrastructure substitutes is presented. The proportion of firms that have overdraft facilities is also presented to proxy firm's access to flexible and short-term credit.
INSERT TABLE 1 HERE
The relationship between foreign ownership and formal status on the one hand, and technology development on the other hand is found highly significant for each type of technology development activity. Licence and assistance contracts are most frequently observed among Asian owned firms, European owned firms are most intensively engaged in in-house R&D activities and the employment of expatriates. On average, foreign firms employ significantly more expatriates, 4.5 expatriates against 0.3 in domestic firms. Firms of over five years of age also seem to be more active in technology development than their younger counterparts, but the difference is not significant for in-house R&D activities and the having of a permanent unit to upgrade productivity.
Older, formal and foreign firms are also more active in global markets, hence their drive to upgrade technology. About half of the formal firms is exporting some of the output and importing raw materials for their operations. On average, formal firms export 34% of their output against 2% for informal firms and they import 30% of their raw materials against 4% for informal firms. Domestic, Asian and European owned firms export 10%, respectively 33% and 45% of their output and import 14%, respectively 46% and 28% of raw materials.
Formal, older and Asian and European firms also have invested significantly more in infrastructure substitutes and report more frequently to have access to flexible credit through overdraft facilities with formal financial institutions. Formal credit is not accessible for informal operators.
In view of the relationship of the various firm attributes to technological capabilities and technology development, the next section analyses to what extent ownership, the formal status of the firm and firm age have a significant impact on technical efficiency in the manufacturing sector in Côte d'Ivoire.
Estimating technical efficiency
Technically efficient production is defined as the maximum quantity of output attainable from given inputs. Technical efficiency is commonly measured at the level of the industry, where the performance of individual firms is compared with the best performing firms in the industry, which determine the frontier production function.
Any output level below the maximum output level implies that firms are to some extent technically inefficient.
Several techniques have been developed to estimate the best practice production frontier 4 . The methodology used here is the stochastic frontier methodology. An important feature of the stochastic frontier approach is that the frontier or best practice production function is assumed to be determined both by technological parameters as well as by random external factors such as equipment failures or unexpected disturbances in related markets. This implies that uncontrollable events and measurement errors in the data are taken into account and do not have a dramatic impact on the estimated efficiency levels.
The stochastic frontier relationship for firm i can be expressed as:
where y i is the output of firm i, x i a vector of inputs, β a vector of corresponding parameters and ε i the error term which captures the deviation of firm i from the frontier.
The error term is composed of two terms:
The component v i is the conventional symmetric error term representing random factors. It follows a normal distribution with zero mean and variance σ v 2 . The component u i , in contrast, is a non-negative one-sided error term capturing technical efficiency related to firm-specific use of technology. TE is thus given by the ratio of observed output to frontier output, i.e.,
and 0<TE<1. TE i is also the conventional measure of total factor productivity. Since only the composite error (ε i ) is observed, the estimation of u i , the individual firm efficiency score, has to be obtained indirectly, by making additional assumptions about its specific distribution.
Model assumptions
For the estimation of the production frontier a general log-linear Cobb-Douglas function is used:
Y i measures value added in enterprise i, L i represents labour input and K i denotes the capital stock. D ij. are a number of sectoral binary variables.
It is further assumed that the one-sided error term capturing inefficiency, u i , follows an exponential distribution. An estimate of the average technical efficiency of the overall sample is given by 1/θ, the parameter of the exponential distribution of u. A more natural estimate of average technical efficiency is suggested by Battese and Coelli (1988) and calculated as the unconditional mean of TE i , i.e., [ ]
Central to the analysis of technical efficiency is the question whether there are systematic efficiency differences among sub-groups of firms. The approach followed in this analysis and first applied by Pitt and Lee (1981) , consists of adding a number of firm attributes as extra regressors to the estimating frontier production function.
Essentially it is investigated whether the respective characteristics affect the location of the frontier production function. Following Reifschneider and Stevenson (1991) , the inefficiency term u i becomes a function of systematic efficiency influences related to selected firm attributes and one random factor:
where Z i is a vector of attributes, γ are the corresponding coefficients and w i is the unexplained component of inefficiency, which follows an exponential distribution.
Assuming a linear structure, u Z w
, the estimating equation of the frontier production function becomes:
Hence, the frontier is located on different levels for different subgroups of firms according to the common attributes. An attribute which enhances firm efficiency will have a positive coefficient in the estimating equation, implying that the frontier is shifted upward for that specific group of firms. This expression furthermore assumes that the effect of firm attributes on efficiency is sector independent. A drawback of this methodology is that multicollinearity problems are likely to arise to the extent input levels are correlated with firm attributes 5 .
The data used for the frontier estimation ( As to the firm attributes (Z ik in equation 7), the effect of firm age on firm efficiency is measured by a binary variable AGE, which equals one for firms of over 5 years of age.
Foreign ownership is measured through the variables EUROPEAN and ASIAN, binary variables which equal one if the majority of the equity capital is European respectively Asian owned. Reflecting the firm's legitimation in the industry, a binary variable FORMAL takes the value one for the formal firms, which are officially registered, fulfil all legal and tax obligations, and takes the value zero for informal firms, including the so-called semi-formal firms (as defined earlier in footnote2).
Estimation results
The results for the estimated frontier production function are presented in Returns to scale can be calculated from the estimated basic model as the sum of the elasticities of the variables capital and labour. The joint estimates suggest increasing returns to scale for agro-industries, metal working and wood working . A t-test indicates that the sum of the coefficients of capital and labour in these three sectors are significantly different from one. This result is robust when the estimation is repeated using different samples. In the textiles sector no significant returns to scale are found.
These findings imply that scale economy gains are potentially very large. The persistence of the predominance of small-scale production in Ivorian manufacturing suggest the ill functioning of markets and an institutional context preventing firms to reach optimal scales of production.
The parameters theta and σ v are significant at the 99% level. The significance of the parameter theta, the parameter of the one-sided error term capturing technical inefficiency effects, suggests that the effect of inefficiency is not the result of random error. The estimated mean of u, given by 1/θ, equals 0.90 and 0.76 for the extended sample. Hence, the average technical efficiency, e -u , equals 0.41 and 0.47 respectively, implying that on average only 41% respectively 47% if the output that would be attained under efficient production is actually produced by the firms. These results are comparable to efficiency levels observed in other developing countries. Comparable estimates with data of the RPED-project in other African countries show technical efficiency levels to average 33% in Ghana and 52% in Zimbabwe (Biggs et. al., 1995) and 66% to 80 % in Kenya (Lundvall and Battese, 2000) . Pitt and Lee (1981) found the technical efficiency of firms in the Indonesian weaving industry to, range between 62 and 68%.
INSERT TABLE 2 HERE
In the firm specific inefficiency model (columns 3 and 4), foreign ownership tends to shift the frontier production function upwards, which is consistent with former empirical evidence. The positive effect of foreign ownership is significant for European owned firms. The results hold when the estimation is done using the different samples.
An alternative way to test whether there is an effect from foreign ownership on firm efficiency is by doing a non-parametric test 10 , based on the ranking of firms according to their deviation from the basic frontier. A test was done to see whether European or Asian firms rank significantly higher. The null-hypothesis that European, Asian and African firms are equally distributed in the ranking of firms according to their efficiency was rejected at the 99% significance level. European firms are found to be located significantly closer to the frontier, while African firms are found to be significantly further away from the maximum attainable output than the other firms.
In a similar way, formal firms tend to produce at a higher efficiency level than informal or semi-formal firms. This indicates that informal firms, which are deprived from the more scarce resources and forced to operate less efficient available production factors, are unable to reach the efficiency levels of formal firms which are in a better position to select an optimal combination of inputs. This also indicates that inputs are no perfect substitutes for each other. A non-parametric test for differences in efficiency between formal and non-formal firms rejects the null hypothesis that they are equally efficient at the 95% significance level.
The age of the firm does not seem to have any significant impact on the location of the production frontier. As mentioned earlier, the ageing effect of a firm tends to be positive for firm efficiency as firms learn over time, but at the same time, newer and younger firms enter with upgraded technology, partly offsetting the learning advantages of older firms in the cross section sample.
It was also tested whether the selected firm attributes affected firm efficiency equally across the different sectors. The null-hypothesis that age, formal status and foreign ownership affect the location of the production frontier in the same way across the different sectors could not be rejected.
Firm efficiency, market share and profitability
In well functioning markets efficiency and successful product differentiation translates into superior performance in terms of market share and profitability (Schmalensee, 1985) .
11
In markets that are characterised by severe imperfections and information asymmetries, other factors besides efficiency and differentiation may likewise determine firm performance. As such, legitimation and reputation effects may become important factors for firms to acquire essential resources and to establish a strong market position, besides the process of competition, which normally selects the most efficient firms into the industry. Hence, factors such as firm age and the formal status may increase the firm's market share, signalling to the business environment that the firm is a reliable business partner and granting it legitimation in the eyes of customers, suppliers, and other contracting parties.
Testing for the importance of the different performance drivers, the following set of recursive equations is estimated:
where π i is profitability of firm i, s i is the market share and u i is the firm 's efficiency score. X i and Y i are additional explanatory variables related to scale efficiency, legitimation and the wider sector environment in which the firm operates. β and γ are the corresponding parameters to be estimated.
Data and variables
The dependent variable market share s i is measured as the value of sales relative to total sales of the subsector 12 , and denoted by MSHARE in the estimating equation presented in table 3.
Profitability π i is denoted by PROFIT and measured as the value of sales minus the sum of raw materials, labour costs and indirect costs, divided by the value of sales. The variable CAPINT proxies capital intensity of the individual firms using the logarithm of the cost of electricity, water, telephone and fuel, per employee as a proxy.
To assess the negative impact of small-scale production in the existence of economies of scale, a cost disadvantage ratio (CDR), as suggested in Caves et al. (1979) 
Estimation and results
The system of equations is estimated by generalised least squares corrected for heteroscedasticity following White's procedure (White, 1980) . The first column in The average market share of the firms in the sample equals 2.4%. The largest market shares are found in the beverages sector, followed by the manufacture of oils and fats. Turning to the profitability equation, market share is positively and significantly related related to profit margins, such that one percent market share increase raises profit margin with an estimated 1.3 per cent over the relevant range within the sample.
Accounting for different production techniques, capital intensive firms show a higher profitability ratio to compensate for the cost of using capital more intensively in the process. Product differentiation premiums, as subjectively rated by the managers, have the right impact but fails to reach statistical significance, once market share is controlled for in the model.
Combining the empirical findings for both equations, the lower profit margins for less efficient and sub-optimal small African firms -with a small market share as a resultcreates a serious problem for firms to finance extra growth and acquire better technology. Insofar that firms are able to actively learn and improve efficiency, the self-finance constraint coupled to a shortage of credit facilities creates a technology trap inhibiting further grow whereby firms will never reach a size where scale advantages are fully exploited and technological improvements realized.
Conclusion
The analysis showed the importance of efficiency and scale in improving the firm's competitive position and its profitability performance. Foreign firms and formally registered firms show a superior efficiency, and hence are able to sustain their market position and growth better than the large majority of informal firms. Unfortunately, very few micro-enterprises and small firms evolve into more productive formal activity firms, and they seldomly graduate into larger-scale operations. The findings of our analysis support the thesis that this is mainly due to severe market imperfections, not only in product markets by also and especially in input markets where formal and large scale firms are in an advantaged position. In a fierce competition for resources, firm size and formality favourably act as signalling mechanisms and open up additional growth opportunities.
With these processes at work in poorly developed markets, the growth of small firms is much lower than observed for industrialised countries, and few small firms will make the transition into mid range size classes where additionally they are most vulnerable to the regulatory system (Sleuwaegen and Goedhuys, 2002 show this for Ivorian firms in a comparison with German firms). Firms that start large, on the other hand, tend to benefit from the system and, in spite that they may quickly attain the minimal efficient scale of operations, continue to grow at a rate that is higher than the one observed for industrialised countries. Levensohn and Maloney (1997) found indeed that payoffs of formality increase with the scale of operations. Due to the tax burden, higher labour costs and difficult licensing policy, small firms remain informal and avoid taxes and regulation, while large firms are influential enough to obtain special treatment (Gauthier and Gersovitz, 1997, Rauch, 1991) . Moreover, if entry costs are high, especially entry into the formal sector, there is no guarantee that efficiency converges to the best level, but substantial efficiency variation across firms may persist over time. This may further reinforce the skewed size distribution in the formal sector with the most efficient firms growing faster and obtaining market shares that rise with the level of entry costs (Hopenhayn, 1992) .
Firms that are inserted in international networks through European or Asian ownership linkages tend to produce at higher levels of technical efficiency. The same holds for formal firms, which have access to a larger range of production factors and are able to choose from a wider network of input suppliers. Large formal and foreign owned firms are found to be less resource-constrained and are more actively engaged in technology development activities, a process by which they improve their firm-wide knowledge and ability to utilize equipment and technology efficiently resulting in a superior performance.
The results from several survey studies on growth obstacles perceived by managers and firm owners in African sub Saharan countries corroborate our findings (RPED surveys, World Bank). Firms experience restrained access to inputs as a major growth barrier, thereby revealing a fierce process of competition for resources. The most severely input constrained group of firms are the small and medium sized firms whose growth process tends to be crowded out by larger established competitors (Sleuwaegen and Goedhuys, 2002) . Being trapped into the inefficient use of mostly inferior technologies, the growth of small and medium sized firms stagnates too early and rents get created for the larger, older and foreign owned firms. There can be little doubt that such a mechanism hinders the economic development of the manufacturing sector in many African countries. and Chu (1968) for the parametric approach. Färe, Grosskopf, Lovell (1994) provide a systematic treatment of the mathematical programming approach for the construction of frontiers and the calculation of technical efficiency. Stochastic frontier models were initially developed simultaneously by Meeusen, Van Den Broeck (1977) and Aigner, Lovell and Schmidt, (1977) . An overview of more recent developments are provided by Bauer, (1990), Fried, Lovell and Schmidt (1993) and Cornwell and Schmidt (1996) .
5. Ideally with the use of panel data other techniques become available that permit to regress estimates of firm fixed effects on firm characteristics, thereby avoiding the problems related to the two proposed estimation methods for cross section data, i.e.
omitted variable bias and multicollinearity.
6. An appropriate capital stock deflator was constructed from the national accounts, from a comparison of gross domestic fixed investment at current prices and at constant prices (Source: World Tables, 1995, World Bank).
7. The depreciation rate was taken to be 15%. This rate is close to the depreciation rate, which could be calculated for firms who provided data on both the historical value and the replacement value of their capital stock. A regression analysis estimated the depreciation rate to be 16% yearly. The latter is most appropriate for comparing groups of data with exponential distributions.
11.Formal models for homogeneous goods include Clarke and Davies (1982) who show for a generalised Cournot how firm i's market share and profitability can be expressed by the following equations (Clarke, Davies, 1982) : is the degree of collusion in the industry, η is the price elasticity of demand, and N the number of market participants. Extensions to heterogeneous goods, including the firm's ability to differentiate goods include i.a. Sutton, 1991 and Martin, 1993 . 12. Estimates of total sales of the subsector are on the basis of sales data included in the 
